In tone-on-tone masking, thresholds often decrease as the onset of the signal is delayed relative to the onset of the masker, especially when the frequency of the masker is higher than the frequency of the signal. This temporal effect was studied here by using a tonal ''precursor,'' whose offset preceded the onset of the tonal masker ͑and signal͒. Under the right conditions, the precursor can reduce or eliminate the temporal effect by decreasing the threshold for a signal at masker onset, presumably for the same reason that the threshold decreases as a signal is delayed relative to the onset of a masker. In the present study, the frequency of the signal was 4000 Hz, and the frequency of the masker and precursor was typically 5000 Hz. In experiment 1, the precursor was presented to the ear receiving the masker and signal ͑ipsilateral precursor͒; in experiment 2, it was presented to the opposite ear ͑contralateral precursor͒. The results from experiment 1 can be summarized as follows: the ipsilateral precursor ͑a͒ reaches its maximum effectiveness ͑in reducing the temporal effect͒ for precursor durations of 200-400 ms; ͑b͒ is ineffective once the delay between its offset and the onset of the masker reaches about 50-100 ms; ͑c͒ is generally ineffective when its level is 10 or more dB lower than the level of the masker, but is effective when its level is equal to or greater than the level of the masker; and ͑d͒ becomes progressively less effective as its frequency is either increased or decreased relative to the frequency of the masker. The results from experiment 2 can be summarized simply by stating that the contralateral precursor is ineffective in reducing the temporal effect. These results suggest that the effect of the precursor may be mediated peripherally.
INTRODUCTION
Numerous investigators have shown that the threshold for a brief signal can be higher if that signal is presented near the beginning of a longer duration masker than if it is presented well after masker onset ͑e.g., Samoilova, 1959; Scholl, 1962; Zwicker, 1965a, b; Elliott, 1965 Elliott, , 1967 Elliott, , 1969 Green, 1969; Fastl, 1976 Fastl, , 1977 Fastl, , 1979 Bacon and Viemeister, 1985b; McFadden and Wright, 1990, 1992; Schmidt and Zwicker, 1991; Wright, 1997͒ . The masker that is typically used to observe this temporal effect is either a broadband noise or a tone; the broadband noise maskers usually overlap the signal spectrally, whereas the tonal maskers usually do not. The effect with broadband noise maskers is usually termed ''overshoot,'' whereas that with tonal maskers is known by a variety of names, including overshoot. In the present paper, we refer to the phenomenon-regardless of masker type-simply as a temporal effect. As yet, a satisfactory understanding of the mechanisms underlying the temporal effect does not exist, nor is it even clear whether the underlying processes are the same for broadband and tonal maskers.
There are some similarities between the results obtained with the two types of masker that could be taken as evidence that the mechanisms underlying the temporal effect with the two are the same. For example, the time course of the effect-determined by measuring the threshold for a brief signal as a function of its temporal position within the masker-is similar for noise and tonal maskers ͑for noise: Zwicker, 1965a, b; Elliott, 1965 Elliott, , 1969 Fastl, 1976 ; for tones : Green, 1969; Bacon and Viemeister, 1985b; Bacon and Moore, 1986a͒ . Moreover, for both types of masker, the existence of masker energy at frequencies above the signal frequency appears to be most important ͑for noise: McFadden, 1989; Schmidt and Zwicker, 1991; Bacon and Smith, 1991; Carlyon and White, 1992; Overson et al., 1996;  for tones: Bacon and Viemeister, 1985a, b; Bacon and Moore, 1986b͒ . Finally, the temporal effect with both types of masker is reduced by cochlear hearing loss ͑for noise: Carlyon and Sloan, 1987; Champlin and McFadden, 1989; McFadden and Champlin, 1990; Bacon and Takahashi, 1992;  for tones: Bacon et al., 1989; Kimberly et al., 1989͒. However, there are also some differences in the results with broadband and tonal maskers that could be taken as evidence that the mechanisms underlying the temporal effect with the two types of masker are different. For example, the effect with broadband maskers is considerably larger at high than at low signal frequencies ͑Zwicker, 1965a; Fastl, 1976; Bacon and Takahashi, 1992͒ , whereas the effect with tonal maskers is essentially independent of signal frequency ͑Ba-con and Moore, 1986a͒. In addition, the effect with broadband maskers requires fairly short signals ͑Fastl, 1976͒, whereas the temporal effect with tonal ͑or off-frequency narrow-band noise͒ maskers has been observed with both a͒ Electronic mail: spb@asu.edu short ͑e.g., Viemeister, 1985a, b͒ and long ͑Viemeister, 1980; McFadden and Wright, 1992͒ signals. Finally , the effect with broadband maskers declines at high masker levels ͑Bacon, 1990͒, whereas the effect with tonal maskers continues to increase or reaches an asymptote at high masker levels ͑Green, 1969; Bacon and Viemeister, 1985a͒. One of the most popular explanations for the temporal effect in simultaneous masking is peripheral adaptation ͑Green, 1969; Viemeister, 1980; Bacon and Viemeister, 1985a, b; Bacon and Smith, 1991͒ . This is based on the fact that, at the level of the auditory nerve, the response to an increment in level ͑the signal͒ is independent of where in time that increment occurs, whereas the initially large response to a pedestal ͑the masker͒ declines or adapts over time ͑Smith and Zwislocki, 1975; Smith, 1977 . Thus, the neural signal-to-masker ratio increases with time. Although appealing, this explanation cannot account for various aspects of the results, such as: the temporal effect with tonal maskers is largest for maskers higher in frequency than the signal ͑Bacon and Viemeister, 1985a, b͒; the effect with noise maskers depends upon frequency regions outside the critical band centered at the signal frequency ͑Zwicker, 1965b; McFadden, 1989; Bacon and Smith, 1991; Schmidt and Zwicker, 1991; Carlyon and White, 1992͒ ; and the size of the temporal effect is typically much larger than the 3-5 dB that is predicted on the basis of neural adaptation ͑e.g., Zwicker, 1965a, b; Viemeister, 1980; Bacon and Viemeister, 1985a; McFadden, 1989; Bacon, 1990͒. Others have argued that the ''cochlear amplifier'' is somehow involved in the temporal effect ͑Champlin and McFadden, 1989; Kimberley et al., 1989; McFadden and Champlin, 1990; von Klitzing and Kohlrausch, 1994͒ . This is based primarily on the fact that temporary hearing loss due to aspirin ingestion ͑McFadden and Champlin, 1990͒ or acoustic overstimulation ͑Champlin and McFadden, 1989͒ as well as permanent sensorineural hearing loss ͑Kimberley et Bacon et al., 1989; Bacon and Takahashi, 1992͒ significantly reduces the temporal effect. However, given that the action of the cochlear amplifier itself is essentially instantaneous, and apparently does not diminish during the course of ͑nondamaging͒ stimulation, the amplifier itself-or even in combination with peripheral adaptation-cannot completely account for the temporal effect.
Recently, it has been suggested that the efferent system may be involved in the temporal effect with broadband noise maskers ͑Schmidt and Zwicker, 1991; Turner and Doherty, 1997͒ , presumably through the influence of neurons from the medial olivocochlear system on the outer hair cells ͑cochlear amplifier͒. The majority of these neurons responds best to ipsilateral stimulation, with a minority responding best to contralateral stimulation ͑Liberman, 1988͒. The efferent system requires about 200 ms to reach its maximum effectiveness ͑e.g., Warren and Liberman, 1989͒ , and thus its time course is consistent with the time course of the temporal effect. Furthermore, physiological experiments conducted at the level of the auditory nerve ͑Kawase and have demonstrated that activation of the efferent system can enhance the neural response to a tonal signal embedded in noise. Thus, it is possible that the decrease in threshold with increasing signal delay reflects the relatively slow activation of the efferent system. Turner and Doherty ͑1997͒ conducted a psychophysical experiment to evaluate this possibility. They measured the temporal effect both with and without a contralateral ''precursor,'' a 200-ms broadband noise ͑presented to the ear opposite that receiving the signal and masker͒ whose offset preceded the onset of their broadband masker by 10 ms. Their precursor reduced or eliminated the temporal effect by reducing the threshold for a signal near masker onset ͑it had no effect when the signal was presented in the temporal center of their 400-ms masker͒. Although many others had previously shown that a precursor can reduce or eliminate the temporal effect with broadband maskers ͑e.g., Zwicker, 1965a; McFadden, 1989; Bacon and Smith, 1991; Overson et al., 1996͒ , the precursor in those studies was always presented to the ipsilateral ear, and thus the effect of the precursor could have been mediated at least partly by, for example, peripheral adaptation. In Turner and Doherty's study, however, because the precursor was presented to the contralateral ear, its effect could not be mediated via peripheral adaptation.
To date, no one has used precursors-ipsilateral or contralateral-with tonal maskers.
1 Thus, the purpose of the present study was to examine in detail the effects of both ipsilateral and contralateral precursors on temporal effects with tonal maskers, with the hope of providing additional insight into the processing underlying this temporal effect. In a companion paper ͑Bacon and Liu, submitted͒, we describe our work on the influence of ipsilateral and contralateral precursors on the temporal effect with broadband noise maskers.
I. GENERAL METHOD

A. Apparatus and stimuli
All stimuli were digitally generated and produced at a 50-kHz sampling rate using a digital array processing card ͑TDT AP2͒ and digital-to-analog converter, or DAC ͑TDT DD1͒. In conditions without a precursor, the signal ͑quiet thresholds͒ or signal and masker ͑masked thresholds͒ were presented through a single channel of the DAC. When the precursor was presented to the ipsilateral ear, the precursor, masker, and signal were presented through that same single channel. When the precursor was presented to the contralateral ear, the precursor was presented through a second channel. The output of each channel was low-pass filtered at 8 kHz ͑TDT FT6͒, attenuated ͑TDT PA4͒, and routed via a headphone buffer ͑TDT HB6͒ to a TDH-49P headphone mounted in an MX/51 cushion.
The signal was a 4000-Hz tone; its duration was 20 ms. Unless stated otherwise, the masker was a 5000-Hz tone with a duration of 400 ms. This masker-signal frequency ratio ͑1.25͒ is one where the temporal effect is usually maximal ͑Bacon and Viemeister, 1985a; Bacon and Moore, 1986a͒ . The signal was presented either at the beginning ͑0-ms delay͒ or in the temporal center ͑190-ms delay͒ of the masker; the difference between those two thresholds defines the magnitude of the temporal effect. The precursor was typically a 5000-Hz tone; its duration was either varied systematically ͑experiment 1a͒ or was fixed at 400 ms. The delay between the offset of the precursor and onset of the masker was either varied systematically ͑experiment 1b͒ or was fixed at 0 ms. Throughout, all stimulus durations include 10-ms cos 2 rise/ fall times, and all durations and delays are determined from 0-voltage points. The level of the signal was varied adaptively via the array processor. Unless otherwise stated ͑see experiment 1c͒, the levels of the masker and precursor were fixed at 80 dB SPL. A similar set of conditions in which the signal was at 1000 Hz and the masker and precursor were at 1250 Hz is described in the Appendix.
B. Procedure
The conditions within a given experiment were tested in random order. Testing was completed in a single-walled, sound-attenuating chamber located within an acoustically treated room. An adaptive, two-interval forced-choice paradigm was used with a three-down, one-up decision rule that tracked 79.4% correct ͑Levitt, 1971͒. The signal was presented in one of the two intervals ͑chosen at random͒, and the subjects' task was to choose the interval that contained the signal by pressing one of two buttons on a response panel. Lights were used to indicate when the signal might occur and to provide correct-answer feedback. The time between the two observation intervals always included 500 ms of silence. A run consisted of 12 reversals; the threshold estimate for a given run was the mean level at the last 10 reversals. The initial step size of 5 dB was reduced to 2 dB after the second reversal. Runs were discarded on the rare occasions when the standard deviation of the threshold estimate was greater than 5 dB. Three threshold estimates, obtained on separate days, were averaged to produce a threshold for a given condition. If the standard deviation of this average was greater than 3 dB, an additional estimate was obtained and included in the average. This continued until the standard deviation was less than 3 dB, or a total of six estimates was obtained and averaged. Most ͑96%͒ of the thresholds obtained here had a standard deviation less than 3 dB.
C. Subjects
Three individuals participated. Of these, two were female ͑S2 and S3͒ and one was male ͑S1͒. They ranged in age from 21-33 years, and had thresholds of 15 dB HL or lower ͑ANSI, 1989͒ for octave test frequencies from 500 to 8000 Hz. The subjects had at least 3 h of practice prior to data collection. Except for S1 ͑the second author͒, the subjects were paid for their participation.
II. EXPERIMENT 1: IPSILATERAL PRECURSORS
The first experiment explored various aspects of the effects of ipsilateral precursors. In particular, we examined the effects of precursor duration ͑experiment 1a͒, precursormasker delay ͑experiment 1b͒, relative precursor level ͑ex-periment 1c͒, and relative precursor frequency ͑experiment 1d͒. The purpose of this experiment was to determine whether ipsilateral precursors reduce the temporal effect with tonal maskers, and to explore the conditions under which this occurs. This experiment will thus provide data for comparison with contralateral tonal precursors ͑experiment 2͒, and for comparison with comparably obtained data in the literature with noise maskers and ipsilateral noise precursors.
A. Experiment 1a: Precursor duration
Rationale and conditions
The purpose of this experiment was to assess the effect of precursor duration, and to determine the duration that provides maximum effectiveness. Thresholds were measured for the signal positioned at the beginning or the temporal center of the masker, both with and without a precursor. When present, the duration of the precursor was 50, 100, 200, or 400 ms. There was no delay between the offset of the precursor and the onset of the masker.
Results
The individual and mean results are shown separately in Fig. 1 . Within each panel, the dotted horizontal lines represent the thresholds obtained without a precursor, where the FIG. 1. The threshold for a 20-ms signal presented at the beginning of a 400-ms masker is shown as a function of the duration of a preceding precursor; there was no delay between precursor offset and masker onset. The signal frequency was 4000 Hz, and the masker and precursor frequency was 5000 Hz. The horizontal dotted lines indicate the threshold without a precursor, in which case the signal was presented at the onset ͑top line͒ or in the temporal center ͑bottom line͒ of the masker. The quiet threshold for the signal was 18.3, 24.4, and 17.1 dB SPL for subjects S1, S2, and S3, respectively.
signal delay was either 0 ms ͑top line͒ or 190 ms ͑bottom line͒. The magnitude of the temporal effect ͑difference between these two thresholds͒ varies across subjects from about 5 to 12 dB, and is about 7 dB on average. The magnitude of the effect and the size of the variability across subjects is comparable to that seen by others ͑e.g., Bacon and Viemeister, 1985b; Bacon and Moore, 1986a͒ . The circles in Fig. 1 indicate how the threshold for a signal at the beginning of the masker ͑0-ms delay͒ is affected by the precursor. Thresholds decrease markedly as the duration of the precursor increases from 50 to 200 ms, and then either remain constant ͑S1͒ or decrease a bit more ͑S2 and S3͒ as the duration increases from 200 to 400 ms. The time course of this effect is similar to that observed when measuring the threshold for a brief signal as a function of the temporal position of that signal within a longer duration masker ͑Ba-con and Viemeister, 1985b; Bacon and Moore, 1986a͒ , as would be expected. These results are also broadly similar to the results obtained with both noise ͑Carlyon, 1987; Smith, 1991͒ and harmonic complex ͑Viemeister, 1980͒ precursors and maskers. For all subjects, the 50-ms precursor elevated thresholds relative to the no-precursor condition by about 2 to 8 dB ͑compare the left-most circle with the top dotted line͒, perhaps as a result of increasing the difficulty of the listening task ͓i.e., the transient nature of the brief precursor may have made it more difficult to detect the brief signal ͑see Bacon and Moore, 1987͔͒. The 400-ms precursor, on the other hand, reduced the threshold to a value similar to that obtained in the no-precursor condition when the signal was presented in the temporal center of the masker ͑compare the right-most circle with the bottom line͒.
2 Further, because the 400-ms precursor had no appreciable effect on threshold when the signal was presented in the temporal center of the masker ͑data not shown, but average thresholds changed by less than 0.3 dB͒, these results indicate that a 400-ms precursor effectively eliminates the temporal effect with tonal maskers. For this reason, a 400-ms precursor was used in the remaining experiments.
B. Experiment 1b: Precursor-masker delay
Rationale and conditions
The purpose of this experiment was to determine how long it would take to ''recover'' from the effect of the precursor. The precursor had a duration of 400 ms, and the onset of the masker followed the offset of the precursor by 0, 5, 10, 25, 50, 100, or 200 ms. The signal was positioned at the beginning of the masker.
Results
The results are shown in Fig. 2 . The dotted lines are replotted from Fig. 1 , as is the point at the 0-ms delay. In general, the threshold increases as the precursor-masker delay increases from 0 to 100 ms, but then changes very little thereafter ͑for S3, threshold changes very little for delays beyond 25 ms͒. At the longest delays, the threshold is essentially equal to the threshold obtained without a precursor ͑S1 and S2͒ or 2-3 dB below it ͑S3͒, indicating that at this delay the precursor has little effect. The time course of this recovery is similar to that observed previously with noise precursors and maskers ͑Zwicker, 1965a; Elliott, 1969; Bacon and Smith, 1991; Overson et al., 1996 ; but see McFadden, 1989͒, although it is considerably shorter than the recovery observed by Viemeister ͑1980͒ using an ͑in-complete͒ harmonic complex for a precursor and masker.
C. Experiment 1c: Relative precursor level
Rationale and conditions
The purpose of this experiment was to determine whether the effectiveness of the precursor is influenced by its relative level. The duration of the precursor was 400 ms, and the precursor-masker delay was 0 ms; the signal was presented at the beginning of the masker ͑0-ms delay͒. The level of the masker was 70 or 80 dB SPL, and the level of the precursor was less than, equal to, or greater than the level of the masker. The lower masker level was included to allow for a larger range of precursor levels greater than the masker level. In particular, we did not wish to use a precursor level greater than 90 dB SPL, and thus the lower masker level allowed a maximum relative level of 20 dB.
Results
The results for both masker levels are plotted in Fig. 3 in terms of the size of the temporal effect at the various precursor levels. The temporal effect is defined as the difference between the threshold at the onset of the masker ͑with a precursor͒ and the threshold in the temporal center of the masker ͑but without a precursor͒. The unconnected points at the far left of each panel represent the size of the temporal effect without a precursor; it is either independent of masker level ͑S1 and S2͒ or larger at the higher level ͑S3͒. For the most part, the precursor is effective in largely reducing or eliminating the temporal effect only if its level is equal to or greater than the level of the masker. There is a tendency for the precursor to be somewhat less effective in reducing the temporal effect at a relative level of 20 dB as compared to 10 dB; this may reflect forward masking of the signal by the more intense precursor. Nevertheless, even at this higher relative level, the precursor reduces the temporal effect. The similar shape of the two curves within a panel suggests that it is the relative level, and not the absolute level, of the precursor that is important. These results are broadly similar to the results obtained in previous investigations using noise precursors and maskers ͑Zwicker, 1965a; Bacon and Smith, 1991; Hicks and Bacon, 1992 ; but see Carlyon, 1989͒.
D. Experiment 1d: Relative precursor frequency
Rationale and conditions
In experiments 1a-c, the precursor and masker had the same frequency as one another ͑5000 Hz͒, and hence the precursor could be viewed as an extension ͑backward in time͒ of the masker. The purpose of this experiment was to determine whether the precursor must have the same frequency as the masker to be effective. In this experiment, the frequency of the masker was fixed at 5400 Hz, and the frequency of the precursor was varied from three semitones below to four semitones above 5400 Hz. For each semitone separation, the corresponding frequency ͑in Hz͒ was as follows: Ϫ3.0, 4541; Ϫ2.0, 4811; Ϫ1.0, 5097; Ϫ0.5, 5246; 0.0, 5400; 0.5, 5558; 1.0, 5721; 2.0, 6061; 3.0, 6422; and 4.0, 6804. The masker frequency was chosen to be as high as possible while still producing at least 5 dB of masking for a signal in its temporal center. By having the highest possible masker frequency, a greater range of precursor frequencies below the masker frequency could be used without the precursor being too close in frequency to ͑and hence possibly masking͒ the signal. Precursor duration was 400 ms, and precursor-masker delay was 0 ms. The signal was presented at the beginning of the masker ͑0-ms delay͒.
Results
The results are shown in Fig. 4 , where threshold is plotted as a function of the relative precursor frequency ͑in semitones͒. The dotted horizontal lines have the same meaning as in the previous figures, except these are now for the 5400-Hz masker. The temporal effect is smaller here than with the 5000-Hz masker ͑Figs. 1-3͒, ranging from about 4-6 dB. Although there are some slight individual differences, all subjects show a degree of tuning with regard to relative precursor frequency: the precursor is most effective ͑thresholds are lowest͒ when its frequency is either equal to the masker frequency or one to two semitones below it. These results indicate that the precursor need not be equal in frequency to the masker to be effective. The patterns in Fig. 4 are asymmetric, in that thresholds increase more rapidly as the precursor moves above the masker frequency than as the precursor moves below the masker frequency. The asymmetry is similar to that which is generally observed in peripheral auditory filtering at moderately high levels ͑i.e., the highfrequency side is sharper than the low-frequency side͒. By the time the precursor is either three semitones below the masker frequency or one to two semitones above it, the threshold in the presence of the precursor is similar to that FIG. 3 . The size of the temporal effect is shown as a function of the level of the precursor relative to the level of the masker. The temporal effect is defined as the difference in the threshold for a 20-ms signal presented at the beginning of the 400-ms masker ͑and preceded by a precursor͒ and the threshold for the signal presented in the temporal center of the masker ͑but without a preceding precursor͒. The signal frequency was 4000 Hz, and the masker and precursor frequency was 5000 Hz. The precursor duration was 400 ms, and the precursor-masker delay was 0 ms. The masker level was 80 dB SPL ͑filled circles͒ or 70 dB SPL ͑un-filled circles͒. The unconnected symbols to the left indicate the temporal effect obtained without a precursor. obtained without the precursor ͑top dotted line͒, indicating that, in those conditions, the precursor is ineffective. On the low-frequency side, the precursor may be ineffective, in part, because it now forward masks the 4000-Hz signal.
III. EXPERIMENT 2: CONTRALATERAL PRECURSORS
A. Rationale and conditions
Turner and Doherty ͑1997͒ recently showed that a broadband noise precursor can reduce or eliminate the temporal effect with broadband noise maskers when the precursor is presented to the ear opposite that receiving the masker and signal. The purpose of this experiment was to determine whether a similar effect could be observed with a tonal precursor and masker. The precursor and masker had a frequency of 5000 Hz, and the signal had a frequency of 4000 Hz. The duration of the precursor was 400 ms, and there was no delay between the offset of the precursor and the onset of the masker. The signal was presented at the beginning ͑0-ms delay͒ or in the temporal center ͑190-ms delay͒ of the masker.
Subjects received at least 1 h of practice with the contralateral precursor prior to data collection, and one additional practice run prior to each threshold estimate. These estimates were obtained over 3 separate days.
B. Results
The results are shown in Table I ͑precursor present͒, along with the results obtained in experiment 1 without a precursor ͑precursor absent͒. As can be seen, the contralateral precursor has little effect on threshold, whether the signal is presented at the beginning or in the temporal center of the masker. The threshold in the presence of the precursor tends to be within about 1.5 dB of that obtained without a precursor; the most notable exception is for S3 in the 0-ms condition, where the contralateral precursor increased threshold by 4.1 dB. The lack of a clear decrease in threshold for a signal at the beginning of the masker differs from the results in experiment 1 with an ipsilateral precursor. The results also differ from those of Turner and Doherty ͑1997͒ obtained with a broadband noise masker and contralateral broadband noise precursor.
IV. DISCUSSION
Although a considerable amount of research has focused on temporal effects with tonal maskers, no one has previously used tonal precursors to study these effects ͑but see footnote 1͒. Numerous investigators have, however, used noise precursors to examine temporal effects with broadband noise maskers ͑e.g., Zwicker, 1965a; McFadden, 1989; Bacon and Smith, 1991; Overson et al., 1996͒, although , as mentioned in the Introduction, it is unclear whether the mechanisms underlying the temporal effects with the two types of masker are the same. The use of precursors provides certain advantages, in that they allow the examination of various properties of the temporal effect that would otherwise not be testable; indeed, only the information from experiment 1a could be obtained without precursors. The remainder of this section focuses on a discussion of possible mechanisms that might underlie the temporal effect with tonal maskers.
As discussed in the Introduction, it is unclear what mechanisms underlie the temporal effect with tonal maskers, although several possibilities have been proposed. The most popular explanation is adaptation of auditory-nerve fibers, FIG. 4 . The threshold for a 20-ms signal presented at the beginning of a 400-ms masker is shown as a function of the frequency of the precursor relative to the frequency of the masker, in semitones. The masker frequency was 5400 Hz, and the signal frequency was 4000 Hz. The actual precursor frequency, from left to right along the abscissa, was: 4541, 4811, 5097, 5246, 5400, 5558, 5721, 6061, 6422, and 6804 Hz. The precursor duration was 400 ms, and the precursor-masker delay was 0 ms. The horizontal dotted lines indicate the threshold without a precursor, in which case the signal was presented at the onset ͑top line͒ or in the temporal center ͑bottom line͒ of the masker. TABLE I. Results from experiment 2. The contralateral precursor was either absent ͑data from experiment 1͒ or present. Thresholds ͑in dB SPL͒ are given for the conditions where the signal was at the beginning ͑0-ms delay͒ or in the temporal center ͑190-ms delay͒ of the masker. The size of the temporal effect ͑in dB͒ is also given. but it has also been suggested that the temporal effect may be influenced by the cochlear amplifier and by the efferent system. These possibilities are not necessarily mutually exclusive. The peripheral adaptation explanation depends on the fact that the neural signal-to-masker ratio at the level of an auditory-nerve fiber improves as a signal is delayed relative to the onset of a masker ͑Smith and Zwislocki, 1975; Smith, 1977 . Although peripheral adaptation probably cannot, by itself, completely account for the temporal effect, certain aspects of the present results are consistent with an adaptation-based explanation. In particular, the temporal characteristics in terms of the growth and recovery are broadly similar to those seen at the level of the auditory nerve. For example, Harris and Dallos ͑1979͒ measured the response to a short-duration, fixed-level signal presented after a longer duration ''adaptor.'' The onset response to the signal was reduced by the adaptor. If we assume that, in the psychophysical experiments, the onset response to the masker is at least partly responsible for the higher threshold for a signal near masker onset, and that the precursor can reduce that onset response, then the physiological results of Harris and Dallos may be relevant to understanding how the precursor may influence the threshold for a signal near masker onset. Harris and Dallos measured the growth of their adaptation effect by varying the duration of their adaptor. The effectiveness of the adaptor increased with increasing adaptor duration up to about 100 ms. In the present study, the effectiveness of the precursor was complete or nearly complete for a precursor duration of about 200 ms. Harris and Dallos measured the recovery function by varying the delay between their adaptor and signal. The onset response to the signal was near its unadapted level for delays longer than 50 ms, consistent with the present results showing a nearly complete recovery of the temporal effect for precursor-masker delays of about 50-100 ms. The effect of relative precursor level is also consistent with an adaptation-based explanation. If the precursor influences masked threshold by producing a certain amount of adaptation, then one would expect the amount of that adaptation to decrease with decreasing level. In the present study, the precursor was essentially ineffective when its level was 10 or more dB lower than the masker level. The precursor was maximally effective when its level was equal to or higher than the level of the masker. In some isolated cases ͑Fig. 3, S1 and S2 at a 70-dB masker level͒, the most effective precursor was 10 dB higher in level than the masker, possibly because the precursor was producing even more adaptation than when it was equal in level to the masker. At an even higher relative level ͑20 dB͒, however, the precursor often became less effective, possibly because it was now ͑forward͒ masking the signal.
The effect of relative precursor frequency is also consistent with an explanation based on adaptation. In particular, if one assumes that the precursor will be effective if it produces sufficient excitation at the masker frequency place, then the pattern of results seen in Fig. 4 can be understood in terms of spread of excitation. At a general level, the broader tuning towards the low-frequency side probably reflects the greater upward than downward spread of excitation from the precursor to the masker frequency. More specifically, the tendency for the precursor to be effective only when its frequency is from Ϫ2 to 0.5 semitones re the masker frequency may reflect the fact that only those precursor frequencies produce excitation at the masker frequency that is within 3 dB of the excitation produced by the 5400-Hz masker ͓as determined by an excitation pattern analysis based on Glasberg and Moore ͑1990͔͒.
Although the present results are consistent with an explanation based on peripheral adaptation, certain aspects of the results in the literature are inconsistent with the possibility that the temporal effect is based solely on adaptation of auditory-nerve fibers. In particular, the effect is largest for maskers higher in frequency than the signal ͑Bacon and Viemeister, 1985a, b͒, despite the fact that the amount of neural adaptation is independent of stimulating frequency ͑Rhode and Smith, 1985͒. Also, the size of the effect is usually much larger than the 3-5 dB that is predicted on the basis of peripheral adaptation ͑e.g., Bacon and Viemeister, 1985a, b; Bacon and Moore, 1986a͒ . Thus, it seems clear that some other processing must be involved.
The present study was motivated largely by the recent results of Turner and Doherty ͑1997͒, which suggested that the temporal effect with broadband noise maskers was influenced by the efferent system. They showed that a broadband precursor presented to the ear contralateral to that receiving the broadband masker and tonal signal could reduce or eliminate the temporal effect. The influence of the efferent system is presumably through the outer hair cells, as they are suspected of being important for the temporal effect ͑Champlin and McFadden, 1989; Kimberly et al., 1989; McFadden and Champlin, 1990; Bacon and Takahashi, 1992; von Klitzing and Kohlrausch, 1994͒ . The present study, however, did not find an effect of a contralateral precursor. The difference between the two studies is almost certainly not due to individual differences, as we have duplicated the difference in results between the two types of masker within a single subject ͑data not shown here͒. In particular, one subject in a companion paper with noise precursors and maskers ͑Bacon and Liu, submitted͒ was evaluated with the stimuli used here in experiment 2; that subject showed an effect of a contralateral precursor with noise but not with tones.
The lack of an effect with a contralateral tonal precursor could indicate one of two things. One possibility is that the efferent system is not involved, and that the temporal effect with tonal maskers is mediated peripherally, or at least at a level in the nervous system prior to where inputs from the two ears interact. Inasmuch as the efferent system may be involved in the temporal effect with broadband noise maskers, this would suggest that the mechanisms underlying the temporal effect with the two types of masker are at least somewhat different. As discussed in the Introduction, this possibility is suggested by several differences in the results with the two types of masker.
The other possibility is that the efferent system is involved with the temporal effect, but that the contralateral tonal precursor is ineffective in generating a sufficiently strong response in those efferent neurons that synapse in the cochlea being stimulated by the masker and signal. The difference in effectiveness between ipsilateral and contralateral tonal precursors may reflect the fact that the majority of efferent neurons from the medial olivocochlear system respond best to ipsilateral stimulation ͑Liberman, 1988͒. More research is obviously needed in order to further clarify the precise mechanisms which underlie the temporal effect with both types of masker, and whether those mechanisms are the same.
ACKNOWLEDGMENTS
This research was supported by NIDCD Grant No. DC01376. We thank the two anonymous reviewers for their helpful comments on a previous version of this manuscript.
APPENDIX: OBSERVATIONS AT A SIGNAL FREQUENCY OF 1000 Hz
The original plan was to use a signal frequency of 1000 Hz. Data were collected from S1 at this frequency before we recruited and began testing the other subjects. His results are shown in Fig. A1 . The levels and durations were similar to those in experiment 1, with the exception that the rise/fall times were doubled to 20 ms ͑and thus the signal duration was doubled to 40 ms, see below͒. The masker and precursor frequency was 1250 Hz ͑except when the effect of relative precursor frequency was evaluated͒. Panel ͑a͒ shows the effect of precursor duration, panel ͑b͒ the effect of precursormasker delay, panel ͑c͒ the effect of relative precursor level ͑masker level of 80 dB SPL͒, and panel ͑d͒ the effect of relative precursor frequency ͑masker frequency of 1450 Hz; note the change in y-axis range͒. The results from this subject at 1000 Hz are similar to his results at 4000 Hz. Surprisingly, however, for the other two subjects the ͑ipsilateral͒ precursor was ineffective at this lower frequency. We tested three other subjects ͑including the first author͒ at a 1000-Hz signal frequency, using a 400-ms precursor and a 0-ms precursor-masker delay. None of the additional subjects ͑and thus only one of the six subjects tested͒ showed an effect of the precursor, other than that the precursor sometimes elevated threshold for a signal at masker onset. In contrast, when we recruited additional subjects ͑including the first author͒ to evaluate the generality of the effect for a 4000-Hz signal, the precursor lowered the threshold for a signal at masker onset in eight of the nine subjects ͑it had no effect in the ninth subject͒. Thus, the effect is clearly more common at the higher frequency.
The verbal reports of the subjects, as well as our own impressions, shed some light on these differences across frequency. In particular, the onsets and offsets at the higher test frequency sounded smoother than they did at the lower test frequency, and consequently the listening task with the precursor was much easier at the higher frequency. In fact, the precursor was only partially effective in eliminating the temporal effect for S1 at the lower frequency with the 10-ms rise/fall time; with a 20-ms rise/fall time, however, we obtained the data shown in Fig. A1 . The perceptual differences at the two frequencies are probably related to the fact that the relative spectral spread of the stimulus is narrower at the higher frequency ͑where the relative spread is the width of the acoustic spectrum divided by the width of the critical band͒. Although this is obviously related to spectral splatter, we do not believe that the temporal effect per se is due to such splatter ͑see also Bacon and Viemeister, 1985a͒ . The splatter due to gating the masker is the same whether a precursor is present or not; the fact that a precursor can eliminate the temporal effect indicates that splatter is not responsible for the temporal effect. The similarity in the results at 1000 and 4000 Hz for S1 strongly suggests that the mechanisms underlying the effect at the two frequencies are the same. Signal threshold as a function of the frequency of the precursor relative to the frequency of a 1450-Hz masker ͑note the change in y-axis range͒. The actual precursor frequency, from left to right along the abscissa, was: 1219 , 1292 , 1369 , 1450 , 1536 , 1628 , 1724 , and 1827 In the context of a series of conditions, Viemeister ͑1980͒ examined the effect of a precursor on the temporal effect with a tonal masker ͑his condition E͒. However, in the condition he employed ͑800-Hz masker and precursor, 1000-Hz signal͒, there was no temporal effect. This is consistent with other studies ͑e.g., Bacon and Viemeister, 1985a͒ showing that the temporal effect with tonal maskers exists primarily when the masker is higher in frequency than the signal.
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For S2, the threshold in the presence of the 400-ms precursor was slightly, but consistently lower than the threshold obtained when the signal was in the temporal center of a masker not preceded by a precursor. This can be seen not only in Fig. 1 , but also in Figs. 2-4 . This suggests that a 190-ms masker-signal delay ͑20-ms signal temporally centered in a 400-ms masker͒ is not sufficiently long for this subject to achieve a ''steady-state'' masked threshold. This has been observed in some of the other subjects tested previously ͑e.g., Bacon and Viemiester, 1985b; Bacon and Moore, 1986a͒. 
